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(54) Cleaning vacuum processing chamber 

(57) In a method for cleaning a vacuum process chamber of a dry etching apparatus, oxidative gas including 
rare gas is introduced into the vacuum process chamber and plasma is excited therein. Then, after the plasma 
oxidative gas is exhausted, fluoride gas is introduced into the vacuum processing chamber and plasma is 
excited therein. 
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METHOD FOR CLEANING VACUUM PROCESSING CHAMBER 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for 
cleaning a vacuum processing chamber of a dry etching 
5 apparatus for carrying out an etching process using 
bromide gas. 

Description of the Related Art 

A dry (plasma) etching apparatus has been 
broadly used in obtaining a fine structure of 
10 semiconductor devices. In a dry etching method, a silicon 
substrate having a polycrystalline silicon layer deposited 
thereon is located within a vacuum processing chamber, 
and therva hydrogen bromide (HBr) gas is introduced into 
the vacuum processing chamber. Then, plasma is excited to 
etch the polycrystalline silicon layer. In this plasma 
etching, a resi<jual reac tion product such as silicon 
bromide (Si x Br y ) is deposited on to an inner wall of 
the vacuum processing chamber, electrodes, and the like. 
Such a residual reaction product deteriorates the etching 
characteristics. That is, a side etching process is 
advanced, and the etching rate of polycrystalline silicon 
is fluctuated, so that reproducibility of etching cannot 
be obtained. Also, when air is introduced into the vacuum 
processing chamber, the water component thereof is reacted 
with the residual reaction product to generate strong 
hydrogen bromide gas. Therefore, it is necessary to clean 
the residual reaction product in the vacuum chamber. 

In the prior art, no method for cleaning the 
residual reaction product of Si x Br y has been suggested 
yet. Therefore, the residual reaction product of Si x 
Br y is manually scraped out. As a result, since the vacuum 
processing chamber cannot be successively operated, the 
efficiency is reduced. Also, this manual scraping 
operation is disadvantageous in respect of the safety of the 
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operators. Further, since the vacuum chamber and xts 
peripheral equipment may be rusted, the manuf actunng 
yield of semiconductor devices by using the vacuum 
processing chamber is reduced. 
5 Note that JP-A-SHO61-250185 discloses a method 

for cleaning a residual reaction product of silicon 
chloride (Si „Cl r > from a vacuum processing chamber. In 
JP-A-SHO61-250185, oxidative gas is introduced xnto the 
vacuum processing chamber and plasma is excited therein. 
10 Then, after the plasma oxidative gas is exhausted, 

fluoride gas is introduced into the vacuum processing 
chamber and plasma is excited therein. Even if this 
cleaning method is applied to the residual reaction product 
of Si x Br y , it is impossible to homogeneously and 
15 effectively convert Si x Br y into silicon oxide. As a 
result, since Si,Br y hardly reacts with fluoride gas. 
Si Br y is still left in the vacuum processing chamber. 

Also, in JP-A-HEI2-138472, which discloses a 
method for cleaning residual silicon deposit in a vacuum 
20 processing chamber, use is made of plasma of a gas mixture 
of SF 6 , oxygen containing gas and rare gas. However, it 
is impossible to apply this cleaning method to the residual 
reaction product of Si x Br y . 

25 SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a new method for cleaning a vacuum processing chamber 
to remove residual reaction products such as Si x Br y . 

According to the present invention, in a method 
30 for cleaning a vacuum process chamber of a dry etching 

apparatus, oxidative gas including rare gas is introduced 
into the vacuum process chamber and plasma is excited 
therein. Then, after the plasma oxidative gas is 
exhausted, fluoride gas is introduced into the vacuum 
35 processing chamber and plasma is excited therein. As a 
result, the bromine group of Si,Br y is replaced by 
oxygen in an oxidative plasma gas, to thereby create 
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silicon oxide (Si.02). In' this case, the oxidative plasma 
gas is diluted by the rare gas, so that the oxidative 
plasma gas is homogeneously distributed within the vacuum 
processing chamber. Also, light emitted from the plasma 
5 of rare gas which has a line spectrum promotes the above- 
mentioned replacement reaction. Thus, Si x Br y is 
completely converted into silicon oxide under an 
oxidative plasma gas including rare gas, and therefore, 
the silicon oxide is removed by the fluoride plasma gas. 

10 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be more clearly 
understood from the description as set forth below, with 
reference to the accompanying drawing, wherein: 
15 Fig. 1 is a cross-sectional view illustrating a 

vacuum processing chamber to which an embodiment of the 
method for cleaning a residual reaction product of Si x Br y 
is applied. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENT 

In Fig. 1, reference numeral 1 designates a 

vacuum processing chamber of a dry etching apparatus. 

Provided in the vacuum processing chamber 1 are gas inlets 

2a and 2b and a gas outlet 3. The gas outlet 3 leads 
25 to a vacuum exhaust system 4. 

A semiconductor substrate 5 is mounted on a 

substrate holder 6 which also serves as an electrode which 

is connected to a high frequency power supply source 7. 

In this case, assume that a polycrystalline silicon layer 
30 is deposited on the semiconductor substrate 5 by a 

chemical vapor deposition (CVD) process in advance. 

Also, reference numeral 8 designates a ground 

electrode. Note that the vacuum processing chamber 1 is 

al so grounded • 

35 A dry etching process for the polycrystalline 

silicon layer is now explained. That is, hydrogen bromide 
(HBr) is introduced via the gas inlet 2a into the vacuum 
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processing chamber 1, and the high frequency power supply 
source 7 is turned ON to excite plasma therein. As a 
result, bromine radicals and bromine ions are reacted with 
the polycrystalline silicon layer, and therefore, the 
5 polycrystalline silicon layer is converted into silicon 
bromide which is exhausted via the gas outlet 3 from the 
vacuum processing chamber 1. That is, the polycrystalline 
silicon is etched. In this case, silicon bromide is 
deposited onto an inner wall la of the vacuum processing 
10 chamber 1, the substrate holder 5, the ground electrode 
8, and the like. 

A cleaning method for the residual silicon 
bromide is explained next in detail. 

First, oxygen including, for exaiple, tellim (He) gas is 
15 introduced via the gas inlet 2b into the vacuum 

processing chamber 1, and the high frequency power supply 
source 7 is turned ON to excite plasma therein. The 
conditions are preferably as follows: 

the mixture, ratio of He to 0 2 : 3:7 
20 gas stream amount: 15 to 300 seem 

gas pressure: 80 to 300 mTorr 

frequency of the source 7: 13.56 MHz 

power of the source 7: 100 to 1000 W. 
As a result, the following reaction occurs: 
25 SiBr 4 + He + 0 2 — Si0 2 + He | + 2Br 2 t — (1) 

Note that, if the mixture ratio of He to 0 2 is 
smaller than approximately 10 percent, the strength of 
light emitted from the plasma helium nay be so weak as to not 
excite the bromine group of SiBr4 • On the other hand, if 
30 the mixture ratio of He to 0 2 is larger than 

approximately 90 percent, the oxygen is generally so short as to not 
promote the above-reaction (1). Therefore, the mixture 
ratio of rare gas. such as helium to oxygen is preferably 
within a range of approximately 10 to 90 percent • 
35 Next, the introduction of the oxidative gas 

including helium is stopped, and an exhaust operation is 
performed upon the vacuum processing chamber 1. 
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Next, fluoride' gas such as sulfur hexafluoride 
gas is introduced via the gas inlet 2b into the vacuum 
processing chamber 1, and the high frequency power supply 
source 7 is turned ON to excite plasma therein. The 
5 conditious are preferably as follows: 

gas stream amount : 15 to 300 seem 

gas pressure: 80 to 300 mTorr 

frequency of the source 7: 13.56 MHz 

power of the source 7: 100 to 1000 W. 

10 As a result, the following reaction occurs: 

Si0 2 + SF 6 — SiF* t + SF 2 t +0 2 t - <2) 
Finally, the introduction of the fluoride gas is 
stopped, and an exhaust operation is performed upon for 
the vacuum processing chamber 1 . 

15 According to the experiments carried out by the 

inventor, after the above-described cleaning method is 
carried out, no smell of hydrogen bromide has been found, 
and no residual reaction product (Si,Br y ) has been 
found in the inner wall of the vacuum processing chamber 

20 1. A time required for cleaning the vacuum processing 

chamber and the electrodes was about 30 minutes, while a 
time required for manually scraping the residual reaction 
product ( Si x Br y ) was about 6 hours. 

In the above-described embodiment, although 

25 helium is used as the rare gas, other rare gases such as 
neon (Ne), argon (Ar) and the like can be used. Also, 
water (H2O), hydrogen peroxide (H2O2) or ozone (O3) can 
be used as oxidative gas instead of oxygen. Further, 
carbon tetraf luoride <CF 4 >, nitrogen trifluoride ( NF3 ) * or 

30 their mixture gas can be used as fluoride gas instead of 
SF 6 . 

As explained hereinbefore, according to the 
present invention, the residual reaction product ( Si x Br y ) 
can be homogeneously and effectively removed from the 
35 vacuum processing chamber, the electrodes, and the like. 
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in the drawings may be incorporated in the invention independently of other disclosed 
and/or illustrated features. 

The appended abstract as filed herewith is included in the specification by reference. 
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CLAIMS 

1. A method for cleaning a vacuum processing 
chamber for processing a silicon substrate with 
bromide gas, comprising the steps of: 

introducing oxidative gas including rare 
5 gas into said vacuum processing chamber to excite plasma 
in said oxidative gas; 

exhausting said oxidative gas from said 
vacuum processing chamber; and 

introducing fluoride gas into said vacuum 
10 processing gas to excite plasma in said fluoride gas, 
after exhausting said oxidative gas* 

2. A method as set forth in claim 1, wherein said 
oxidative gas is one of 0 2 gas, H 2 0 gas, H 2 0 2 gas, and 0 3 
gas . 

3. A method as set forth in claim 1 or claim 2, wherein the 
mixture ratio of rare gas in said oxidative gas is 
approximately 10 to 90 percent, preferably 10 to 80 percent. 

4. A method as set forth in any one of claims 1 to 3, wherein said 
rare gas is one of He gas, Ne gas and Ar gas. 

5. A method as set forth in any one of claims 1 to A, wherein said 
fluoride gas is one of NF 3 gas, C 2 F 6 gas, CF 4 gas and SF 6 
gas. 
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